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OPERATIONAL SPECIFICATIONS FOR MAGNETIC TAPE SUBSYSTEMS 


ABSTRACT This standard Is directed at higher performance 
magnetic tape subsystems that attach to the 
proposed ANS I/O Channel Interface, BSR X3.67. 
It is intended to facilitate the interconnection 
of magnetic tape subsystems to general purpose 
computer systems. 

Full "plug-to-plug" interchangeability is 
achieved only if no changes in hardware or 
software components in the system ate required 
when interchanging magnetic tape subsystems. 
This standard provides operational 

specifications that define the command codes, 
sense and status formats, data formats, program 
requirements, etc., for magnetic tape 
subsystems. The functional, electrical and 
mechanical specifications for attaching these 
magnetic tape subsystems to the I/O channel of a 
general purpose computing system are provided by 
the proposed ANS I/O Channel Interface, BSR 
X3.67. 
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FOREWORD 


(This Foreword is not part of American National 
Standard Operational Specifications for 
Magnetic Tape Subsystems, X3.XX-197X.) 

This Standard provides the specifications for 
the operational characteristics of high 

performance magnetic tape subsystems that 

attach to the proposed AMS I/O Channel 
Interface, BSR X3.67, which provides the 
connection to an I/O channel of a general 
purpose computer system. Magnetic Tape 

subsystem refers to the combined magnetic tape 
control unit and magnetic tape devices. 

The proposed A^S L/O Channel Interface standard 
provides specifications for the functional, 
electrical, and mechanical characteristics of 
the I/O Channel Interface. This includes the 
general specification of address, command, 
status and data information flow over this I/O 
Channel Interface. 

This standard details the operational 
characteristics for magnetic tape subsystems 
utilizing the proposed A2. T S I/O Channel 
Interface. Included are the following: 

(1) Addressing formats for magnetic tape 
control units and attached devices. 

(2) Command codes for the control of magnetic 
tape control units and attached devices. 

(3) Status and sense formats for the detection 
of the state of magnetic tape control units 
and attached devices. 

(4) Data formats for transfer of data to and 
from magnetic tape subsystems. 

(5) Error recovery procedures that provide 
minimum guidance for recovery actions 
independent of operating systems or 
equipment are included for reference 
purposes in an appendix to this standard. 
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?lagnetic Tape Subsystems 

1. Introduction. Th is American National Standard is one 
of several standards that, as a set, specify I/O subsystem 
connection to, and operation on, general purpose computer 
systems . 

1.1 Scope. This American National Standard defines the 
operational characteristics of high performance magnetic 
tape subsystems that attach to I/O channel interfaces 
utilizing the proposed ANS I/O Channel Interface, 5SR 
X3. 67, to facilitate plug-to-plug compatibility and ensure 
interchangeability of magnetic tape subsystems used on I/O 
channels of general purpose computer systems. It is 
distinct from a specification in that it delineates a 
minimum set of restrictions consistent with compatibility 
and interchange. 

1.2 I/O Channel Interface. The proposed ANS I/O Channel 
Interface, BSR X3.67, specifies the functional, 
electrical, and mechanical characteristics of the 
interface which provides the connection between the 
general purpose computer systems I/O channel and the 
magnetic tape subsystem. 

1.3 Power Control Interface. The proposed ANS Power 
Control Interface, BSR X3.68, specifies the functional and 
mechanical characteristics which provide a sequential and 
interlocked means of controlling the AC input power 
supplied to the magnetic tape subsystem. 
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1.4 Subsystem Organization. 

See figures 1 and 2 and descriptions below. 

1.4.1 Single Control Unit. A basic magnetic tape 
subsystem consists of a single tape control unit and one 
or more magnetic tape units (devices). Up to sixteen (16) 
tape units may be attached to a single tape control unit. 

1.4.2 Multiple Control Units. A maximum magnetic tape 
subsystem may consist of up to four tape control units and 
up to Sixteen (16) magnetic tape units (devices). 

1.4.3 Channel Switch. Each tape control unit may be 
accessed by additional channels if the channel switch 
option is implemented. This alternate path switching 
among channels allows program (software) control over the 
sharing of the tape control unit by the channels. The 
control-unit-busy sequence, in the AHS I/O Channel 
Interface standard, is used to inform a channel requesting 
use of the tape control unit that the tape control unit is 
busy on another channel. 

Channels sharing a tape control unit via this channel 
switch capability may be on the same or different general 
purpose computer systems. 



CH ANN EL 


\ 


ADDITIONAL 

CHANNEL(S) 

/// © 

/// w 


CHANNEL 
SWITCH © 


TAPE 

CONTROL UNIT 


Z 


6 


MAGNETIC TAPE UNITS 


© 

FIG • 1 


OPTIONAL FEATURES 

SINGLE CONTROL UNIT SUBSYSTEM 


ADDITIONAL ADDITIONAL ADDITIONAL ADDITIONAL 



MAGNETIC TAPE UNITS 
© OPTIONAL FEATURES 

FIG. 2 MAXIMUM SUBSYSTEM 

NOTE: These drawings represent typical implementations and are provided for reference 
purposes only. They are not intended to specify the implementation detail for 
the optional features shown. 
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1.4*4 Device Switch. Multiple tape control unit 
subsystems provide for shared access of magnetic tape 
units (devices) by qse of some type of device switch that 
will allow fully shared access of up to sixteen (16) 
devices by two, three, or four tape control units. 

It is not the intention of this standard to specify the 
architecture of the device switch, only its externally 
observable (outside of the magnetic tape subsystem) 
characteristics. In all of the configurations, the device 
switch is logically invisible except for a device busy 
response to Initial selection when the addressed magnetic 
tape unit is being used by another tape control unit. The 
device switch must contain some form of priority logic to 
systematically allocate a device in the event of 
conflicting tape control unit requests. 

The device switch may permit simultaneous access of up 
to four devices (one per each tape control unit) but this 
standard does not require that such simultaneous access be 
provided. 




-s- 



Magnetic Tape Subsystems 


1.5 Device Characteristics. The magnetic tape subsystem 
includes magnetic tape units (devices) that record and 
read back digital information for storage purposes on 
magnetic tape as defined in sections 1.5.1, 1.5.2, 1.5.3 
and 1.5.4. Magnetic tape units in the subsystem nay 
include one or more; of the following recording formats. 

1.5.1 6250 CPI GCR Nine-Track. The data is recorded 
in the Group Coded Recording (CCR) format as specified in 
document ANSI X3. 54-1976, entitled Recorded Magnetic Tape 
for Information Interchange (6150 CPI, GCR), at 6250 
characters per inch (246 bytes/mm). 

Data is recorded in nine parallel tracks on tape in 
adherence to ANS Unrecorded Magnetic Tape for Information 
Interchange (9-Track 200 and 800 CPI, NRZ I , and 1600 CPI, 
PE), X3. 40-1973. 

1.5.2 1600 CPI PE Nine-Track. The data is recorded in 
the Phase Encoded (PE) format as specified in document 
ANSI X3. 39-1973, entitled Recorded Magnetic Tape for 
Information Interchange (1600 CPI, PE), at 1600 
characterers per inch (63 bytes/mm). 

Data is recorded in nine parallel tracks on tape in 
adherence to ANS Unrecorded Magnetic Tape for Information 
Interchange (9-Track 200 and 800 CPI, NRZI, and 1600 CPI, 
PE), X3. 40-1973. 

1.5.3 800 CPI NRZI Nine-Track. The data is recorded 
in the Non-Return to Zero (NRZI) format as specified in 
document ANSI X3. 22-1973, entitled Recorded Magnetic Tape 
for Information Interchange (800 CPI, NRZI), at 800 
characters per inch (31 bytes /nm) . 

Data is recorded in nine parallel tracks on. tape in 
adherence to ANS Unrecorded Magnetic Tape for Information 
Interchange (9-Track 200 and 800 CPI, NRZI, and 1600 CPI, 
PE), X3. 40-1973. 

1.5.4 Seven-Track 200/556/800 CPI NRZI. The data is 
recorded in the Non-Return to Zero (NRZI) format as 
specified by document ANSI X3B 1/556-1972, entitled 
Magnetic Tape for Information Interchange at 200, 556, or 
800 characters per inch (3, 22, or 31 bytes/mm). 

Data is recorded in seven parallel tracks on the tape. 
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1.6 Addressing. Every magnetic tape unit has a unique 
device address consisting of a tape control unit and a 
magnetic tape unit address. The method for manually 
assigning these addresses is not defined as part of this 
standard. The tape control unit number (address) occupies 
the high order (most significant) 4 bits of the 8 bit 
device address. The magnetic tape unit number (address) 
occupies the low order (least significant) 4 bits of the 8 
bit device address. 
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1.7 Optional Magnetic Tape Subsystem Features. The 
following features are optional in the magnetic tape 
subsystems and may be intermixed in any configuration 
unless stated otherwise. 

1.7.1 Nine-Track NR2I Feature. Permits operation in 

nine-track 800 CPI NR.ZI mode. 

1.7.2 Nine-Track PE Feature. Permits operation in 
nine-track 1600 PE mode. 

1.7.3 Nine-Track GCR Feature. Permits operation in 

nine-track 6250 CPI GCR mode. 

1.7.4 Seven-Track Feature. Permits operation in 

seven-track 200/556/800 CPI NRZI mode. Data translator 
and/or data converter capabilities may be associated with 
the seven-track feature. 

Single, or pairs of densities may be supported as 

opposed to all three tape data densities. This means that 
a seven-track feature may support 200, 556, 800, 200/556, 
200/800, or 556/800. 

1.7.4. 1 Data Translator. Writing a tape with the 
data translator on causes eight-bit bytes from the I/O 
channel interface to be written on tape as their six-bit 
character equivalents. 

Reading a tape with the data translator on causes 
six-bit characters to be translated into their eight-bit 
byte equivalent. 

No specification is made in this standard for the 
conversion character set or the translation napping 
between eight-bit bytes and six-bit characters. Either 
ASCII or a non-standardized code set, unique to the 
computer system utilizing this standard, may be used. 

When using the data translator, data rates are not 
changed and there are no changes in the magnetic tape 
unit's operation. 


1. 7.4.2 Data Converter. Writing a tape with the 
data converter on causes four cape characters (24 bits) to 
be written for every three eight-bit bytes from the 1/0 
channel interface. 

• Reading a tape with the data converter on causes four 
tape characters (24 bits) to be converted to three 
eight-bit bytes for transmission to the 1/0 channel 
interface . 

Data conversion reduces the data transfer race ever the 
1/0 channel interface to 75*' of the normal "data converter 
off) rate. 

!iote that when no data conversion :: translation is 
done the upper (most significant') two bits cf each 
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eight-bit byte are discarded on tape write operations and 
zero-filled on tape read operations. 

When non-integral multiples of three eight-bit bytes 
are to be written on tape with the date converter on, then 
unfilled bits in the 24 bit (four character) converter are 
zero-filled for writing to tape. 

In similar fashion, when reading a tape record 
containing non- integral multiples of four six-bit 
characters, with the data converter on, the unfilled bits 
in the 24 bit (three byte) converter are zero-filled for 
reading by the I/O interface. 

NOTE: The above description does not completely 
specify all possible handling of non-integral multiples of 
eight-bit byte to six-bit character conversions. To 
ensure full interchangeability, additional vendor 
infortnatloh must be consulted. 

1.7.5 Channel Switch Feature. Permits access to the 
tape control unit by additional channels. See section 
1.4.3. 


1.7.6 Device Switch Feature. Permits access to a 
magnetic tape unit by additional tape control units. See 
section 1.4.4. 
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1.8 Abbreviations. 


a:;s 

American national Standard 


BCD 

binary coded decinal 


BOT 

beginning of tape 


ES3 

backspace block 


BSF 

backspace file 


CCW 

channel command word 


cn 

centimeter 


CPI 

characters per inch 


CRC 

cyclical redundancy check 


CSW 

channel status word 


CUE 

control unit end 


DCC 

data converter check 


DMS 

diagnostic node set 


DSE 

data security erase 


EOT 

end of tape 


ERG 

erase gap 


FSB 

forward space block 


FSF 

forward space file 


GCR 

group coded recording 


hex 

hexadecimal 


IBG 

interblock gap 


ID 

identification 


IF 

interface 


I/O 

input/output 


ips 

inches per second 


Kb 

kilobyte 


LWR 

loop write-to-read 


m 

meter 


nn 

millimeter 


ns 

millisecond 


MS 1 

.Mode Set 1 


MS 2 

Mode Set 2 


. * X 

mult i- track, error 


MOP 

no operation 


::rzi 

non-return to ter: ■: nano --on -ones recording 


os 

operating system 
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Magnetic Tape Subsystems 


PE 

R EU- 
RO R 
RUM 
R/W 

sec 

Sw 

TCU 
TI 
TIE 
TM . 
TU 

UE 

usee 

VRC 

WTM 


phase encoded 
rewind 

read opposite recovery 
rewind unload 
read/write 

second 

switch 

tape control unit 
tape indicate 
track in error 
tape mark 

(magnetic) tape unit 

unit exception 
microsecond 

vertical redundancy check 


write tape mark 
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2. Command Descriptions 

2.1 Commands. Commands executed by magnetic tape 
subsystems fall into one of the following categories: 

(1) Burst Commands 

(2) Motion Control Commands 

(3) Non-Motion Control Commands 

Figure 3 lists the command codes that must be recognized 
and executed by a magnetic tape subsystem to provide 
interchangeability. Also included in Figure 3, for 

reference purposes, are certain optional command codes 
which may be implemented in magnetic tape subsystems but 
which are not a requirement for interchangeability. 
Magnetic tape subsystems may have additional command codes 
implemented to aid in fault recognition, diagnosis, and 
logging at the discretion of individual vendors. Command 
codes that are not implemented in a given tape control 
unit shall result in a unit check status response with a 
command reject indicated in the sense information. 

Programming note: The magnetic tape subsystem need 
have no interlocking to prevent the execution of improper 
sequences of write and read operations that may result in 
writing extraneous bits or leaving partial blocks on tape. 
Avoiding these improper sequences is a program 
responsibility. 

The following are two examples of basic sequences that 
should be avoided: 

(1) A write-type operation after a forward read-type 
operation except: 

(a) When the block or Tape Mark (TM) read is known 
to be followed by a TM. 

(b) When the block or TM read is known to have been 
followed by ERG when written or known to have been the 
last block written before a backward operation. 

For example: R R W* avoid. 

W 3 R W allowed . 

(2) A read forward-type operation following write-type 
operations. 

For example: R 3 W R* avoid. 

H B R R* avo id . 

W indicates a write-type operation: Write, Write TM, 

or Erase Gap (ERG). 

R indicates a forward read-type operation: Read 

Forward, Forward Space Block, or Forward Space File. 

B indicates a backward read-type operation: Read 

Backward, Backspace Block, or Backspace File. 

* indicates the logical record or. wrier, problems may 
occur . 
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Eecause it cay be difficult or impossible to ensure the 
above safe situations, the use of a write after read 
forward sequence should be used only in applications '..’here 
strict control of format and command sequence exists. 

Write is allowable following a backspace. Assume the 
following tape format: 

Block 1 TM Block 2 TM Block 3 TM TM 

A rewrite of the last data block (Block 3) involves the 
following safe and proper sequence. After reading the 
next to last data block (Block 2) and associated TM, read 
forward to verify that Block 3 is the correct one to 
rewrite, backspace, write the new data block (replacing 
Block 3), and write the associated two TMs . 

If a new data set is to be added, the last data block 
and associated TM is read, then a read forward verifies 
the second consecutive TM and thus the true end of data on 
this tape. The safe and proper action is then to 
backspace, write new data block (after Block 3 and 
associated TM) , and write the associated two TMs. 

2.1.1 Command Timing Considerations. While interface 
sequence timing dependencies are covered in the proposed 
ANS I/O Channel Interface, there may be timing constraints 
relative to the issuance of successive command codes. 
These inter-command code timings are not provided in this 
standard and consequently, to ensure full 
interchangeabilty , individual vendor documentation must 
define any such constraints. 

2.1.2 Command Execution Error Considerations. While 
many interface error conditions are covered in the 
proposed ANS I/O Channel Interface, there may be error 
conditions which are unique to individual magnetic tape 
subsystems. Such error conditions are not defined in this 
standard. Therefore, to ensure full interchangeability, 
vendor documentation must define all such error 
conditions • 

2.1.3 Command Chaining. The tape control unit 
recognizes command chaining when a new command code is 
received immediately following its presentation of 
termination status, as defined for the proposed ANS I/O 
Channel Interface. 
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2.2 Burst Commands. Burst commands cause transfer of 
data across the channel/tape control unit interface. 
Channel £nd and Device End are signaled in the Status byte 
when the operation is complete (termination status). 

The burst commands are: 

Write 

Read Forward 
Read Backward 
Sense 

Sense Reserve (optional) 

Sense Release (optional) 

Request Track-In-Error 

Loop Write-To-Read (maintenance aid - optional) 

Set Diagnose (maintenance aid - optional) 

2.2*1 Write. Records data on tape as it moves forward 
and creates an interblock gap (IBG) at the end of each 
block. The tape control unit checks the parity of each 
data byte received from the I/O interface. 

2.2.2 Read Forward. Sets the magnetic tape unit to 
forward read status. As the tape moves, data 9 is read 
until the read head detects the next IBG. The tape 
control unit checks and, if necessary and possible, 
corrects the bits in each byte transferred to the I/O 
Interface. Sensing a tape mark sets Unit Exception with 
Channel End and Device End in the Status Byte. 

2*2.3 Read Backward* Sets the magnetic tape unit to 
backward read status. Read backward operation is similar 
to read forward, except that the 7-track NRZI data 
converter mode cannot be used. Data flow and controls are 
the same as in Read Forward. A read backward given at 
load point or into load point sets Unit Check in the 
Status byte. The magnetic tape unit remains in backward 
status at the end of a read backward command. 

2.2.4 Sense. The sense bytes are transferred to the 
channel. There may be a maximum of 24 bytes of sense data 
available. All sense bytes do not need to be transferred. 
The information transferred includes unusual conditions 
associated with the last operation and provides details 
about the current conditions present in the tape control 
unit and the magnetic tape unit. A sense command directed 
to a magnetic tape unit will be executed independent of 
the condition of the magnetic tape unit as long as the 
address is valid for the tape control unit. 

2.2.5 Sense Reserve. This optional command is 

* identical to the sense operation except the addressed tape 

control unit is reserved to the channel issuing this 
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command. The tape control unit will remain reserved to 
the issuing channel until either: 

(1) A Sense Release command is issued by the reserving 
channel, or 

(2) A system reset occurs through the reserving 
channel . 

Attempting to select a tape control unit that is 
reserved by another channel results in a tape control unit 
busy indication in the Status byte. 

2.2.6 Sense Release. This optional command is 
identical to the Sense operation except that the reserved 
tape control unit will be released. 

NOTE: Sense data transmitted as a result of Sense 
Reserve and Sense Release commands will reflect the 
successful completion of these operations. Sense Reserve 
and Sense Release commands can only be used on magnetic 
tape subsystems having the optional channel switch 
feature. If these commands are issued to a tape control 
unit without this feature, Command Reject results. When 
using these commands, they must be the first command in a 
chain or Command Reject will result. 

2.2.7 Request Track-In-Error (Request TIE). The 
Request TIE command is used to aid in NRZI error recovery. 
If no NRZI features are present, then this command is 
treated as a no operation with the normal reset of Sense 
data occurring (see section 3.2). When NRZI features are 
present, this command transfers one byte of data from the 
channel to the tape control unit and pre-conditions the 
tape control unit for NRZI read error recovery. 

When issued for a nine-track NRZI magnetic tape unit, a 
Request TIE conditions the tape control unit for a single 
corrective read operation. 

When issued for a seven-track NRZI magnetic tape unit, 
the Request TIE byte controls the read clipping level for 
the next read operation. 

2.2.8 Loop Write-to-Read (LWR). This is an optional 
write command that checks the data and control paths but 
does not move tape. 

On nine-track magnetic tape units, a LWR command issued 
at BOT is executed in 1600 CPI mode. Otherwise, LWR is 
executed in the current operating mode of the magnetic 
tape unit. 

LWR does not require the magnetic tape unit to be in 
write status, but the magnetic tape unit must be in the 
ready condition. Execution of an LNE toes not change the 
status of the magnetic tape unit. A LWR command uses the 
same data paths as a Write command. 
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2.2.9 Set Diagnose. The Set Diagnose command is an 
optional command intended for diagnostic operations. Its 
execution may result in data being transferred to the tape 
control unit. This data may cause modified magnetic tape 
subsystem operation even extending to commands issued 
subsequently. 
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2.3 Motion Control Commands. Motion control commands 
cause movement of tape but do not transfer any data across 
the channel/tape control unit interface. 

All notion control commands result in the presentation 
of status as follows: 

(1) Channel End is presented when the command is 
accepted (initial status). 

(2) Device End is presented when the operation, except 
for Rewind Unload (see below) , is successfully completed 
(termination status). 

(3) When a magnetic tape unit performing one of these 
operations is addressed, either busy, or control unit busy 
status may be presented, depending upon tape control unit 
involvement in that operation. 

Motion control commands are: 

Rewind 

Rewind Unload 
Erase Gap 
Write Tape Mark 
Backspace Block 
Backspace File 
Forward Space Block 
Forward Space File 
Data Security Erase 

2.3.1 Rewind (HEW). The selected magnetic tape unit 
rewinds to load point. 

2.3.2 Rewind Unload (RUN). The selected magnetic tape 
unit rewinds tape to load point and then automatically 
unloads the tape to whatever extent possible. 

NOTE: For Rewind Unload, Device End, Control Unit End, 

and Unit Check are presented as termination status after 
the command initiates at the magnetic cape unit. Device 
End is presented again when the operator reloads tape, 
presses START, and the magnetic tape unit goes from the 
not ready to the ready condition. 


2.3.3 Erase Gap (ERG). The selected magnetic tape 
unit moves tape forward and erases tape for the nominal 
distance shown below: 


(6250 CPI) 

(1600 CPI and 
800 CPI nine-crack) 


Single ERG 
3.75 inch( 95 , 3mm) 

4.2 inch ( 106 , 7mm.) 
4. 5 inch( 114, 3mm) 


Successive IRGs 
3.45 inch (3 7, 5mm) 



( seven-track) 
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2.3.4 Write Tape Mark (WTM). The selected magnetic 
tape unit moves tape forward and writes a tape mark, block 
which is a special block used to separate files. 

For magnetic tape units operating at 6250 and 1600 CPI, 
a WTM command causes the subsystem to write a tape mark 
preceded by an Erase Gap. 

2.3.5 Backspace Block (BSB). The selected magnetic 
tape unit moves tape backward to the next interblock gap 
or to load point, whichever comes first. Sensing a tape 
mark sets Unit Exception with Device End in the 
termination status byte. The magnetic tape unit remains 
in backward status. 

2.3.6 Backspace File (BSF). The selected magnetic 
tape unit moves tape backward to the interblock gap on the 
load point • side of a tape mark, or to load point, 
whichever comes first. 

2.3.7 Forward Space Block (FSB). The selected 

magnetic tape unit moves tape forward to the next 
interblock gap. Sensing a tape mark sets Unit Exception 
with Ddvice End in the termination status byte. 

2.3.8 Forward Space File (FSF). The selected magnetic 
tape unit moves tape forward to the interblock gap beyond 
the next tape mark. 

2.3.9 Data Security Erase (DSE) . The selected 

magnetic tape unit erases tape from the point at which the 
operation is initiated until the end-of-tape marker is 
sensed. 

The DSE command is accepted by the tape control unit 
only when chained immediately following an Erase Gap 
command. Receipt of this command under any other 
conditions results in Command Reject. Attempting DSE at 
or beyond the EOT marker results in immediate presentation 
of termination status. 

During DSE execution, the magnetic tape unit may 
monitor erase head current to ensure that the tape is 
erased. If any failure is detected, the operation is 
terminated by setting the magnetic tape unit to the not 
ready condition and unit check termination status is 
presented. 
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2.4 Non-Motion Control Commands. Non-motion control 

commands do not cause tape to move and do not transfer 

data across the channel/tape control unit interface. 

Channel End and Device End are presented when 
non-notion control commands are accepted (initial status). 
Non-motion control commands are: 

No-Operation 
Mode Set 1 
Mode Set 2 

Diagnostic Mode Set (maintenance aid - optional) 

2.4.1 No-Operation (NOP). NOP performs no function in 
the tape control unit or magnetic tape unit and does not 
reset the tape control unit sense data. 

NOTE: Placing a NOP command at the end of a series of 

chained commands may delay channel disconnect from the 

tape control unit. 

2.4.2 Mode Set 1 (MS 1). Mode Set 1 commands sent to 

a tape control unit with the seven-track NRZI feature 
establish magnetic tape unit in an operating mode for 
succeeding seven-track NRZI operations. Bits 0 and i of 
the command code control density. Bits 2, 3, and 4 

control parity and the data converter and translator 
features of the magnetic tape subsystem. See Figure 3. 

If the seven-track feature is not present, or a 
particular seven-track recording density is not supported, 
the Mode Set 1 command causes no operation to be performed 
other than the normal reset of sense data (see Section 
3.2). 

A Mode Set 1 command establishes the operating mode of 
all seven-track magnetic tape units attached to the tape 
control unit. Unless reset, the tape control unit retains 
an operating mode until another Mode Set 1 command is 
received . 

2.4.3 Mode Set 2 (MS 2). Mode Set 2 commands sent tc 
a tape control unit with nine-track features present set 
the operating mode (6250 CPI GCR, 1600 CPI PE, or 300 CPI 
NRZI) for succeeding write-type operations on the selected 
magnetic tape unit. If the selected magnetic tape unit is 
not at load point or does not have the appropriate 
nine-track features present, MS 2 causes no action other 
than the normal reset of sense data (see Section 3.2). If 
nine-track features are not present in the tape control 
unit, then Command Reject results. 

Unless reset, the tape control unit retains its mode 
setting until it receives another Mode Set 2 command. 

2.4.4 Diagnostic Mode Set (DMS). DMS is an optional 
command which may be used to modify the execution of burst 
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mode commands which follow in the same chain. These 
modifications may Include the generation of controlled 
etfot conditions and may change units current levels, 
parity generation and detection, data error correction and 
similar functions to aid in maintenance activities. 
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2.5 Test I/O (TI/O). The Test I/O function is indicated 
by a special conaaand code (hex code 00) which has unique 
restrictions imposed upon its issuance including the fact 
that it cannot be part of a command code chain. The TI/O 
command causes no operation except for the presentation of 
a status byte indicating the condition of the addressed 
magnetic tape unit. Under certain error conditions a 
contingent connection (see Section 2.7) may be 
established . 
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2.6 Interface Disconnect. Interface Disconnect is a 
channel interface signalling procedure, as specified in 
the proposed ANS I/O Channel Interface Standard, that 
abnormally terminates channel to tape control unit 
sequences that are in progress. Though the Interface 
Disconnect procedure may be invoked by a higher level 
computer system command to halt I/O, the resulting action 
in the magnetic tape subsystem is all that is specified 
here. 

The Interface Disconnect causes data transfer to stop. 
The tape control unit disconnects from the channel and 
proceeds independently to the completion of the operation. 
If ^addressed while completing the operation, the tape 
control unit presents busy status. When the tape control 
unit reaches the normal ending point, it attempts to 
obtain selection on the interface to present termination 
status to the channel. 

The tape control unit does not generate any status 
solely as a result of an Interface Disconnect. If 
Interface Disconnect is received when the addressed 
magnetic tape unit is not busy, no status is generated nor 
is the magnetic tape unit made busy. 

If an Interface Disconnect occurs before tape motion 
has actually started, the operation may be cancelled with 
Channel End, Device End, and Unit Check presented in the 
termination status. An Interface Disconnect will suppress 
command chaining. 
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2.7 Contingent Connection. Under certain conditions, a 
temporary connection is maintained between the tape 
control unit and a magnetic tape unit on behalf of the 
channel until the computer system can provide certain 
required actions. This connection is called a contingent 
connection and is initiated when the most recent status 
byte has the Unit Check bit set. The purpose of the 
contingent connection is to maintain the integrity of the 
sense data that supplies further Information as to the 
cause of the Unit Check status. 

The contingent connection is maintained until a command 
code other than Test I/O is received from the channel to 
which the Unit Check status was presented. 

If a command is received for a device other than the 
contingently connected one, the tape control unit responds 
with control unit busy status. This also applies to any 
command received on another channel for tape control units 
with the Channel Switch feature. 
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3. Status and Sense Information 

3*1 Status Byte* The status byte contains a parity bit 
and 8 other bits which Indicate the current status of the 
tape ‘ control unit and the addressed magnetic tape unit. 
The tape control unit sends this byte to the channel 
interface during Initial selection and again at the end of 
each operation. Designations of the 8 bits and the 
conditions chat they represent are: 

Bit Designation Interpretation 

0 Attention Not Used. 

1 Status Modifier Used along with status bit 3 to 

indicate tape control unit busy. 

2 Control Unit Control Unit End indicates that the 

End tape control unit has become 

available for use in another 
operation. 

Control Unit End is set: 

(1) Upon completion (at the tape 
control unit level) of every 
operation during which a Control 
Unit Busy was signaled. 

(2) Upon completion of a control 
operation which had Channel End in 
the initial status and during which 
a Unit Check or Unit Exception was 
detected. 

3 Busy Busy indicates that the magnetic 

tape unit or tape control cannot 
execute a command for one of the 
following reasons: 

(1) If any command (including 
Test I/O) is recognized, no status 
is stacked and the addressed 
magnetic tape unit is rewinding or 
is currently in use by another tape 
control unit or alternate channel. 

(2) If any command, other than 
Test I/O, is recognized and status 
is stacked. 

(3) If any command, other than 
Test I/O, is recognized and the tape 
control unit has a Control Unit End, 
or the addressed magnetic tape unit 
has a Device End or Unit Check 
status condition outstanding (not 
yet accepted by the channel). 
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4 Channel End Channel End indicates that the 

channel interface is no longer 
required for the operation. It is 
set when a read, read backward, 
write, or sense command has been 
completed, or a control command has 
been accepted. 

5 Device End Device End is set: 

(1) When the tape reaches load 
point during a rewind or the EOT 
marker during Data Security Erase. 

(2) When a Rewind Unload 
operation is completed at the tape 
control unit level. 

(3) When a control command is 
completed at the magnetic tape unit 
level. 

(4) With Channel End, at the 
completion of other commands. 

(5) If a magnetic tape unit 
performing an operation becomes not 
ready (for example, power off, 
manual reset) . 

(6) When a magnetic tape unit 
becomes not busy after selection was 
attempted while it was busy. 

(7) On the first initial 
selection after the 'magnetic tape 
unit becomes ready. This may be 
inhibited if that magnetic tape unit 
was addressed while in the non-ready 
state. 

6 Unit Check Unit Check indicates the magnetic 

tape unit or tape control unit has 
encountered an unusual condition. 
The cause of a Unit Check is stored 
as sense data which is available to 
the program in response to a Sense 
Command. Unit Check is set when any 
of the following occur: 

(1) Any sense byte 0 error 
indicator is set. 

(2) A Head Backward, Backspace 
Block, or . Backspace File is 
initiated into or at load point. 

(3) A Rewind Unload is completed 
at the tape control unit level. 

(4) Bit 7 of sense byte I (Not 
Capable) is sec. 
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(5) The addressed magnetic tape 
unit is not ready. 

(6) Bit 3 of sense byte 5 (ID 
Burst Check) is set. 

(7) Bit 4 of sense byte 8 
(Control Burst Check) is set. 

Unit Exception Unit Exception is set when the tape 
control unit detects a condition 
that usually does not occur and 
which does not necessarily Indicate 
an error. 

Unit Exception is set: 

(1) If the tape is positioned 
anywhere beyond the trailing edge of 
the EOT marker (as indicated by bit 
2 of sense byte 4) and a Write, 
Write Tape Mark, or Erase Gap 
operation is attempted. 

(2) If a tape mark is sensed 
during a Read, Read Backward, 
Forward Space Block, or Backward 
Space Block. 
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3.2 Sense Bytes. Sense data supplenents the information 
contained in the status byte. There are up to 24 bytes of 
sense data, stored in the na 3 netic tape subsystem, 
contairting information on error conditions, magnetic tape 
unit status, tape control unit status, and maintenance 
aids. The first 6 sense bytes are a requirement for 
interchangeability. Sense bytes 7 through 24 nay be 
optionally supplied but are not a requirement for 
interchangeability. A sense command causes the bytes to 
be transferred to the channel. 

All sense information is reset upon acceptance of any 
command other than HOP, a sense command or a Test I/O. 
All sense information is reset by a reset of the tape 
control unit. 

Sense bits should be set to zero where their 
definitions are incompatible or inconsistent with choice 
of design. . Unused sense bits should be set to zero. 

3.2.1 Sense Byte 0 (Unit Check). 

Bit Designation Interpretation 

0 Command Reject Command reject is set: 

(1) When a Write type operation 
is issued to a file-protected 
magnetic tape unit. 

(2) When an undefined command 
code is received by the tape control 
unit. 

(3) If a DSE command is issued 
that is not command chained to an 
Erase Gap command . 

(4) If Sense Reserve or Release 
command is issued: 

(a) to a tape control unit 
that does not have a Channel Switch 
Feature, or 

(b) other than as the first 
command in a chain sequence. 

(5) If an MS 2 command is 
received and no nine-track features 
are installed. 

1 ■ Intervention Intervention Required is set vhen- 

Required ever the addressed magnetic tape 
unit is not ready or nonexistent. 

Note: Going not-ready while 
performing a command causes Unit 
Check along with any other 
termination status. 
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Bus Out Check. 


Equipment Check 


Data Check 


Overrun 


Word Count Zero 


Data Converter 
Check 


Bus Out Check is set: 

Whenever 3us Out has incorrect 
(even) parity during command or data 
byte transfer. 

Equipment check is set on a tape 
control unit operation when: 

(1) Bit 1 of sense byte 4 is set. 

(2) Bit 3 or 4 of sense byte 8 is 

set. 

(3) Bit 0, 2, 3, 4, 5, or 7 of 

sense byte 10 is set. 

Data Check is set when: 

(1) End-of-block is sensed before 
any data bytes are detected during a 
GCR or PE read or read backward 
operation. Bit 0 of sense byte 1 is 
also set. 

(2) Bit 0, 1, 2, 3, 4, or 7 of 

sense byte 3 is set. 

(3) Bit 3 in sense byte 4 is sec. 

(4) Bit 2, 4, 5, or 6 in sense 
byte 5 is set. 

(5) Bits 0, 3, 5, or 6 in sense 
byte 8 is set. 

(6) Bit 1 of sense byte 9 is set. 

Overrun is set when the channel 
cannot supply data to the tape, 
control unit fast enough on a write 
operation or take data fast enough 
from the tape control unit on a read 
operation. If data check is on, 
overrun is suppressed. 

Word Count Zero is set: 

(1) When the channel scops the 
data transfer on a write operation 
before the first byte is received by 
the tape control unit. 

(2) When Interface Disconnect 
Sequence is received after receipt 
of a Write or Read command but 
before tape motion is initiated. 

When operating in data converter 
node for a read operation, Data 
Converter Check (DCC) is sec to 
indicate that the last byte (or only 
byte) sent .to the channel was padded 
with zeros. The following 
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conditions will cause a DCC error to 
occur on records which are not an 
even multiple of four characters: 

(1) If one character is read from 
tape, and the byte sent to the 
channel had bits 6 and 7 padded with 
zeros. 

(2) If two characters are read 
from tape, and two bytes are sent to 
the channel with the second byte 
padded with zeros in bits 4, 5, 6, 
and 7 . 

(3) If three characters are read 
from tape, and three bytes are sent 
to the channel with the third byte 
padded with zeros in bits 2, 3, 4, 
5, 6, and 7. 

Note: Data Converter Check 
cannot occur in a read backward 
operation. 
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3.2.2 Sense Byte L 
Bit Designation 
0 Noise 


1 TU Status 


TU Status B 


Interpretation 

Noise is set when: 

(1) A Data Check, occurs during a 
6250 CPI or 1600 CPI read or read 
backward operation. 

(2) No data is transferred on a 
read or read backward operation. 

(3) Data is detected on an erase 
operation. 

(4) Data is detected during the 
erase portion of a write tape aark 
operation. 

TU status A is set when an addressed 
magnetic tape unit is selected, 
ready, and not busy. 

TU status B is set when an addressed 
magnetic tape unit is rewinding, is 
under the control of another tape 
control unit, or is not ready. 
Assuming no outstanding device end 
status, bits 1 and 2 determine 
response to initial selection as 
follows : 


Response 
to Initial 


TU Status A 

TU Status B 

TU Status 

Selection* 

Off 

Off 

Non-existent 

Unit Check** 

Off 

On 

Not ready, 
arm For 
Device End 

Unit Check** 

On 

Off 

Ready and not 

Status with 



rewinding 

no error 

On 

On 

Ready and 
Rewinding or 
in use by 
another tape 
control unit- 
or alternate 
channel 

3usy 


rHP 
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* If the stack status flag is off and no Device End is 
outstanding . 

** Unit Check is not signaled for a sense operation. 
Following a Unit Check (due to Uon-existent or Not 
ready) or Busy indication, Device End is signaled when 
the magnetic tape unit becomes ready and is not 
rewinding or not in use by another tape control unit or 
alternate channel. 


3 Seven Track Seven Track is set when the selected 

magnetic tape unit has the 
seven-track feature. 


4 Load Point 


5 Write Status 


6 File Protect 


7 Not Capable 


Load Point is set when the selected 
magnetic tape unit is at the 
beginning of a tape. 


Write Status is 

set 

vh e n 

the 

selected magnetic 
write status. 

tape 

uni t 

is in 

File - Protect is 

se t 

vh en 

the 

selected magnetic 

tape 

unit 

is in 


file protect status. 

Not Capable is set when: 

(1) Leaving load point on a Read 
or Forward Space command and the 
magnetic tape unit feature, tape 
control unit feature, and tape 
format do not agree. Tape motion is 
halted. Channal End, Device End, 
and Unit Check are presented in the 
termination status byte for Read 
operations, and Control Unit End, 
Device End, and Unit Check are 
presented for Forward Space 
operations . 

(2) On a write or read operation 
if the density of the magnetic tape 
unit does not match the capability 
of the tape control unit. 
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3.2.3 Sense Byte 2 (Track In Error). Tills sense byte 
contains the track-in-error (TIE) indicator bits that are 
set at the end of a Read, Read Backward, Write, or 
Loop-Write-To-Read (LWR) command. 

Nine-crack NRZI operation. 

(1) For Write or LWR operations bits 6 and 7 are set. 

(2) For read or read backv/ard operations. 

(a) A single bit and Data Check indicate the track 
in error. 

(b) Bits 6 and 7 with Data Check indicate an 
uncorrectable error pattern. 

(e) Bits 6 and 7 without Data Check indicate normal 
operation. 

Seven-track operation. 

During seven-track read or read backward operations, 
the track -in-error byte is used for magnetic tape unit 
sense level control. The values are: 


Interpretation 

TIE 

Normal - no read VRC error 

00 

1st read VRC error 

80 

2nd read VRC error 

40 

3rd error will return to 
normal and continue to 
cycle as shown above. 
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3.2.4 Sense Byte 3 (Data and Equipment Checks). 


Bit Designation 

0 Re ad /Write 

Vertical 
Redundancy 
Check 


1 Multiple Track 
Error /Longi- 
tudinal Redun- 
dancy Check 


2 Skew Error 


3 End Data Check/ 
Cyclic Redun- 
dancy Check 


4 Envelope/ Error 
Correction 
Check 


Interpretation 
R/W VRC is set: 

625Q When in error correction 
mode and the track(s) in error 
cannot be found. 

1600 When there is a VRC error 
without a dead track or phase error. 

, NRZI When a VRC occurred during 
a read or read backward operation or 
a missing byte is detected. Also 
set on a seven-track write operation 
if a missing byte is detected. 

Set as follows: 

6250/1600 When multiple tracks 
in error are detected. 

NRZI When a Longitudinal Redun- 
dancy Check occurred during a read, 
read backward, write, or write tape 
mark operation. 

Set when excessive skew was detected 
on a 6250 CPI or 1600 CPI write, 
read, or read backward operation or 
a NRZI write operation. 

Set in 6250/1600 CPI mode if a 
track fails to start. 

Set for the following: 

1600 CPI read operations if the 
ending marker is not detected, or if 
the postamble has less than six or 
more than 50 bytes. 

Ail write operations when a CHC 
error occurs. 

6250 or 800 CPI nine-track read 
operations when a CRC error occurs. 

ENV/ECC is set for the following: 

6250 When any track signal falls 
below the threshold on a read or 
write operation. This does not set 
Data Check. 

1600 When there is a phase error 
or any track falls below the 

tnr-soel d cr. a read or '-.'rite 

operation. . n i s sett Data a r. e c a on 
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5 1600 CPI set 
in TU 

6 Backward 

7 C/P Compare 


NRZI When a byte with incorrect 
parity is detected during a write or 
write tape nark operation. 

Set when the selected magnetic tape 
unit is in phase-encoded node. 

Set when the selected magnetic tape 
unit is in backward status. 

Set when hardware logic detects an 
internal parity error. 

Also set in seven-track N7.ZI if 
correct parity (odd or even) is not 
maintained by the tape control unit 
as follows : 

(a) With translator and dat3 
converter both off if parity within 
a byte changes within the tape 
control unit during read or write. 

(b) With data converter on and 
translator off on read operations if 
the parity of a group of four BCD 
characters changes within the tape 
control unit. 

(c) With data converter on and 
translator off during write 
operations if the parity of a group 
of three 8-bit character bytes 
changes within the tape control 
unit. 

Notes : 

(1) Bus Out Parity Error or MTE 
can cause a C/P Compare error. 

(2) Data Converter Check blocks 
C/P Compare if DCC occurs first. 
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3*2.5 Sense Byte 4. 


Bit Designation Interpretation 

0 Spare 


1 Reject Tape 
Unit 


Reject Tape Unit is set if the 
selected magnetic tape unit becomes 
not-ready during execution of a tape 
motion command. 


2 Tape Indicate Tape Indicate is set whenever the 

end-of-tape marker is sensed during 
a forward tape operation. 


3 Write Driver 
Error. 


Write Driver Error is set if an 
error in the data being written by 
the write drivers is detected. 


4 Spare 

5 Loop-Write- 
To-Read 

6 Tape Unit 
Check 


Set when the last command was a 
Loop-Wri te-To-Raad . « 


Set to indicate certain magnetic 
tape unit errors (e.g., loss of 
column vacuum, write or erase head 
failure, etc.). 


7 Spare 
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3*2.6 Sense Byte 
Bit Designation 

0 Spare 

1 Spare 


5. 


Write Tape 
Mark Check 

ID Burst Check 


Interpretation 


Start Read 
Check 

Partial Record 


Postamble Error 


Sec when a tape nark is not written 
properly. 

Set if the 6250 CPI or PE 

identification burst is not written 
correctly following load point. May 
be set if sense byte 8, bit 4 is 
set . 

Set when beginning of data is not 
recognized . 

Set when IBG appears before end of 
data is recognized. 

Set when a postamble error is 

detected . 


Spare 
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3.2.7 Sense Byte 6 (Magnetic Tape Unit). 


Bit Designation 
0 


1 


Seven-Track 
Tape Unit 

Write Current 
Failure 


Interpretation 

Set when the selected tape unit 
is a seven-track unit. 

Indicates that one or more write 
drivers have been turned on or write 
bias current is flowing while the 
magnetic tape unit is in read 
status. 


Dual Density 


Not Set to 
1600 CPI 


4-7 Tape Unit Model 
Identification 


Set when the selected magnetic tape 
unit is capable of 1600 and 800 CPI 
operation or the selected magnetic 
tape unit is capable of 6250 and 
1600 CPI operation. 

This bit indicates the mode of the 
magnetic tape unit in the following 
manner : 

Bit 3 on: 7-track or 9 -track 

NRZI or 6250 CPI GCR 
Bit 3 off: 1600 CPI 

Present to indicate unique model 
identification information In the 
following manner: 

. Bit 4 on: 6250/1600 CPI 

Bit 4 off: 1600/800 CPI 

Bits 5, 6, 7 


off , 

on, 

on : 

75 

ips 

on, 

of f , 

off : 

125 

ips 

on, 

off. 

on: 

200 

ips 
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3.2.8 Sense Byte 7 (Magnetic Tape Unit READY-Drop 


Source) • 




Bit 

Designation 

Interpretation 



U 

Lamp Failure 

When set indicates that one 
sensor lamps has failed. 

of 

the 

1 

Tape Bottom 
Left 

When set indicates that 
bottomed in the left column. 

the 

tape 

2 

Tape Bottom 
Right 

When set indicates that 
bottomed in the right column 

the 
. • 

tape 

3 

Reset Key 

When set indicates that the mag 
tape unit is not ready because 

natic 

RESET 


was pressed, or the door interlock, 
was opened, after the unit had been 
in a start condition. 


4 Data Security 
Erase 


5 Erase Head 
Failure 


6 Air Bearing The air bearing and/or the machine 

Pressure reel hub pressure has dropped below 

a critical level. 

Load Failure The magnetic tape unit failed to 
load properly. 


Indicates that a DSE is in process 
or was being performed. This bit 
will not be on at normal completion 
of DSE (magnetic tape unit reached 
the EOT marker) . 

No erase head current or write head 
bias current is flowing in write 
status or erase head current is 
flowing while in read status. 


7 
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3.2.9 Sense Byte 8 (Tape Control Unit Detected 
Errors) . 


Bit Designation Interpretation 

0 IBG Detected Set if, when writing 6230 or 1600 

CPI, IBG is detected while writing 
the data portion, or the beginning 
of the record is r.ot detected within 
a specified time after one track in 
each zone is detected. 


1 Spare 

2 Spare 

3 Early Begin 

Read Back 
Check 


Set if the beginning of the block 
cones too soon on a write tape nark 
operation. This bit sets Data Check 
(1600 CPI) or Equipment Check (6250 
CPI). 


4 Control Burst Set if the control burst cannot 
Check adjust the gain of the individual 

tracks. May or nay not cause an 
equipment check. 


5 Spare 

6 Slow End Read Set on write operations if end of 

Back Check data is not detected. 


7 Velocity Set when: 

Retry/Restart (1) Another attempt was necessary 

on initial Velocity Check on write 
operation. 

(2) When a single byte of noise 
occurred during a URZI read delay. 

Note: This bit is not an error. 
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3 

.2.10 Sense Byte 

9. 

Bit 

Designation 

Interpretation 

0 

6250 CPI 
Correction 

Set for information only when 1- or 
2-track correction was necessary and 
does not indicate an error. 

1 

Velocity Change 
During Urite 

Set when an excessive velocity 

change is detected during a write 
operation. 

2 

Channel Buffer 
Check 

Set when data into the channel 

buffer does not match data out of 
the channel buffer. 

3 

CRC Error 

Set when a CPvC error is detected. 

A 

6250 CPI Tape 
Control 

Set when the tape control unit has 
capability to read and write 6250 
CPI code. 

5 

Spare 


6 

Spare 


7 

Tape Control 
Unit Reserved 

Set when the tape control is in 
reserved status. 
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3 

•2.11 Sense Byte 

10. 

Bit 

Designation 

Interpretation 

0 

Command Status 
Reject 

Set when magnetic tape unit fails 

to return the proper command status. 

1 

Spare 


2 

Control Status 
Re j ec t 

Set when magnetic tape unit fails 
to return the proper control status. 

3 

Write Til or 
Record Not 
Detected Block 
Read Back Check , 

Set when the record or tape mark 
written cannot be spaced over. 

4 

Dynamic 

Reversal Check 

Set when the tape control unit loses 
control of tape position during 

dynamic reversal cn write. 

5 

Tach Start 
Failure 

Set when no change is detected in 
the tachometer status within a 

specified length of time during 

start delay. 

6 

Spare 


7 

Velocity Check 

Set when the magnetic tape unit does 


not attain and/or maintain proper 
velocity during write delay. 
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3.2.12 Sense Byte 

Bit Designation 

0 Spare 

1 Spare 

2 Spare 

3 Spare 

A Spare 

5 Spare 

6 Spare 

7 Spare 

3.2.13 Sense Byte 

Bit Designation 

0 Spare 

1 Spare 

2 Spare 

3 Spare 

A Spare 

5 Spare 

6 Spare 

7 Spare 


sa- 


il. 

Interpretation 


12 . 

Interpretation 
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3.2.14 Sense Byte 13. 

Bit Designation Interpretation 

0-1 Tape Control Used to indicate tape control unit 

Features features as follows: 


Bit 0, 

1 


off , 

off : 

None of the following 

of f , 

on: 

7-Track NRZ I 

on. 

off: 

9 -Track NRZ I 

on , 

on : 

Spare 


2-7 Tape Control High order bits of the tape control 
Unit ID unit serial number. 


3.2.13 Sense Byte 14. 

Bit Designation Interpretation 

0-7 Tape Control Low order bits of the tape control 

Unit ID unit serial number. 


3.2.16 Sense Byte 15. 

Bit Designation Interpretation 

0-7 Magnetic Tape High order bits of the magnetic tape 

Unit ID unit serial number. 


3.2.17 Sense Byte 16. 

3it Designation Interpretation 

0-7 Magnetic Tape 
Unit ID 


< 5 , <3 


Low order bits of the magnetic tape 
unit serial number. 
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3.2.18 Sense Byte 17 (Tape Control Features). 


Bit Designation Interpretation 

0 Tape Control Set when the tape control unit con 

Unit Feature tains the Channel Switch feature. 


1-3 Tape Control 

Used to indicate 

tape control unit 

Unit Feature 

features as follows 
Bits 1, 2, 3 



off, off, off: 

Spare 


off, off, on: 

2x8 Device 
Switch Low 
(Addresses 
0-7)* 


of f , on , of f : 

3x3 Device 
Switch Low 
(Addresses 
0-7)* 


off, on, on: 

4x8 Device 
Switch Low 
( Ad dr esses 
0-7)* 


on, off , of f : 

Communicator 

only 


on, off, on: 

2x8 Device 

Switch High 
(Addresses 
8-F) * 


on, on, of f : 

3x8 Device 

Switch High 

(Addresses 

8-F)* 


on, on, on: 

4x8 Device 

Switch High 
(Addresses 



8— i 1 ) * 

4-7 Tape Control 

Used to indicate 

the engineering 

Unit Level 

change of the tape 

control unit. 

* The device addresses of magnetic tape 

units physically 

attached to this 

tape control unit. 



$4 
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3.2.19 Sense Byte 18. 


Bit 

Des ignation 

Interpretation 

0 

Power /Check 
Airflow 

Set to indicate when voltage is out 
of range or cooling air has failed. 

1-3 

Magnetic Tape 
Unit Coded 

Used for coded form of the magnetic 
tape unit serial number. 

4-7 

Magnetic Tape 
Unit Level 

Used to indicate the engineering 
change level of the magnetic tape 
unit . 


3. 

2.20 Sense 

Byte 19. 






Bit 

Designation 






0 

Primed 

for 

Device 

End 

Magnetic 

Tape 

Unit 

7 

1 

Primed 

for 

Device 

End 

Magnetic 

Tape 

Un i t 

6 

2 

Primed 

for 

Device 

End 

Magnetic 

Tape 

Un i t 

5 

3 

Primed 

for 

Device 

End 

Magnetic 

Tape 

Unit 

4 

4 

Primed 

for 

Device 

End 

Magnetic 

Tape 

Unit 

3 

5 

Primed 

for 

Device 

End 

Magnetic 

Tape 

Unit 

2 

6 

Primed 

for 

Device 

End 

Magnetic 

Tape 

Unit 

1 

7 

Primed 

for 

Device 

End 

Magnetic 

Tape 

Uni t 

0 
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3.2.21 Sense Byte 20. 


hit 

liufj Ignat ion 






0 

Primed 

for 

Device 

End 

Magne t ic 

Tape 

Unit 

F 

1 

Primed 

for 

Device 

End 

Magnetic 

Tape 

Unit 

£ 

2 

Primed 

for 

Device 

End 

Magnetic 

Tape 

Unit 

D 

3 

Primed 

for 

Dev ic e 

End 

Magnetic 

Tape 

Unit 

C 

4 

Primed 

for 

Dev ic e 

End 

Magnetic 

Tape 

Unit 

B 

5 

Primed 

for 

Dev ic e 

End 

Magnetic 

Tape 

Unit 

A 

6 

Primed 

for 

Device 

End 

Magnetic 

Tape 

Unit 

9 

7 

Primed 

for 

Device 

End 

Magnetic 

Tape 

Unit 

8 


3.2.22 Sense Byte 21 (Thread and Load Diagnostics). 
Bit Designation 

0 LOAD Button Depressed 

1 Left Reel Turning 

2 Right Reel Turning 

3 Tape Present 

4 Reels Loaded 

5 Load Rewind 

6 Load Complete 

7 Load Check 


3.2.23 Sense Byte 22 (Field Replaceable Unit 
Identification) . 


3.2.24 Sense Byte 23 (Field Replaceable Unit 
Identification) . 
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Appendix A. Error Recovery Procedures 

(These Appendixes are not a part of American National 
Standard Operational Specifications for Magnetic Tape 
Subsystems, X3.XX-197X, but are included for information 
purposes only.) 

A* 1 General. These error recovery procedures provide 
guidance for uniform minimum recovery actions independent 
of operating systems or equipment and describe additional 
recovery options. 

Figure A1 shows checking sequence ("priority") for 
status and sense bits, and indicates the actions required. 

A. 1.1 Tape Cleaner Sequence. A tape cleaner sequence 
moves tape back and forth past the tape cleaner blade to 
dislodge any contaminants that may be causing read errors. 
The tape cleaner sequence for a forward read operation is 
five backspaces, then four forward spaces. For a backward 
read operation, the sequence is four backspaces, then five 
forward spaces. 

Beginning of Tape: If the beginning of tape (load 

point) is reached in "n" backspaces during a tape cleaner 
sequence, reposition tape for a Forward Read with "n minus 
2" Forward Spaces. Reposition tape for a Backward Read 
with "n M Forward Spaces. 

Tape Mark Block: If a tape mark is read during a tape 

cleaner sequence, ignore the unit exception indication and 
process the tape mark as a normal block. 

A. 1.2 Error Documentation. In the event that an 
operating system provides a means for documentary Magnetic 
Tape Subsystem errors, the following information should be 
Included : 

(1) Message code. 

(2) Channel, tape control unit, and magnetic tape unit 
addresses . 

(3) Command in progress when error occurred. 

(4) Error condition causing the message. 

(5) All status and sense bits. 



Figure AT. Status and Sense Indicator (Bits) Checking Sequence 


Priori ty 

Sense 

Byte 

Bit Condition 

Applicable To: 

Byte 

Bit 

1 1 

VJri te 

Control 

Acti on 

01 

■ 


Unit Check 

X 

X 

X 

II 

02 

0 

3 

Equipment Check 

X 

X 

X 

X 

03 

0 

2 

Bus Out Check 

X 

X 

X 

IV 

04 

MB 

D 

Intervention Required 

X 

X 

X 

III 

05 

m 

0 

Command Reject 

X 

X 

X 

XIII 

06 

0 

5 

Overrun 

X 

X 

i VII 

1 

07 

1 

D 

Load Point 

X 


X 

XII 

08 

0 

D 

Data Check 

X 



V 

08 

0 

D 

Data Check 


X 

i vi i 

08 

0 

• 

n 

Data Check 



X 

VIII 

09 

ffm 

a 

Data Security Erase 



X 

XI j 

n 

0 

m 

Data Converter Check 

X 



XIII I 

J 

12 

l 

a 

Not Capable 

X 

, 

X 

X 

IX I 

13 

5 

3 

ID Burst Check 


X 


XIV ! 
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A. 2 Action Requirements 

A. 2*1 Terminal Action la (With Operator Option). An 
operating system may provide operator-control options 
and/or additional programmed error recovery. 

If both are defined: 

(1) Again attempt the recovery procedure. 

(2) Continue to the additional programmed 
error recovery. 

A. 2.2 Terminal Action lb (Without Operator Option). 
If the additional programmed error recovery is defined, 
exit to it. 

A. 2. 3 Action II (Unit Check). Issue a sense command 

(unless already performed), and continue checking as in 
Figure Al. . 


A. 2. 4 Action III (Intervention Required). No Device 

End in Unit Status: Test for TU Status B (sense byte 1, 

bit 2). If TU Status B is off, device is "nonexistent." 
Provide operator message, post completion with error 
condition, and exit to operating system. See "Terminal 
Action la." 

If TU Status B is on, the device is 'not ready.' 
Provide; "operator intervention required" message, and 
reissue the command when the tape unit has been made 
ready. 

Device End in Unit Status: If the command was Rewind 

Unload, continue processing. Otherwise, ignore an 

intervention required condition, and continue checking as 
Indicated in Figure Al. 

A.2.5 Action IV (Bus Out Check). No Device End in 
Unit Status: Reissue the command. 

Device End in Unit Status: If error occurs while 

writing, reposition tape and reissue command. For all 
other commands, reissue the command. If error persists 
after six attempts, provide operator message, post 
completion with error condition, and exit to operating 
system. See "Terminal Action la" and "Supplementary 
Information." 

A. 2.6 Action V (Data Check on Read or Read Backward). 

(1) Determine if the block should be classified as a 
noise block (noise block is less than the minimum block 
length of 12 bytes). If the block is valid data (ncise 
bit on [sense byte 1, bit or bloc.'-, length meets or 
exceeds minimum length requirements,), attempt another read 
operation. If the block is a ncise record, go to step 

(2) Set the correct mode (it seven-track), and 
reposition tape. 


-o o- 



(3) Sec the correcC node (if seven-crack), and send Che 
crack-in-error information (sense byce 2) Co che Cape 
concrol unic with a Requesc TIE command. 

Note: For program simplicicy, che mode sec and Requesc 

TIE commands may be issued whether required or not. 

(4) Reissue che read or read backward command. 

Note: No command may be executed between steps 3 and 

4, as commands to the tape control unit may destroy the 
track-in-error and mode set information. When attempting 
to correct a nine-track block, use only the track-in-error 
information from that block. 

(5) Repeat steps 1 through 4 until the block is read 
successfully or at least 41 attempts are made. Perform a 
tape cleaner sequence after every fourth attempt. 

(6) If the error persists, determine whether Read 
Opposite Recovery (ROR) is possible. Read Opposite 
Recovery is not possible if: 

(a) Data chaining is being performed. 

(b) Operating in seven-track, data-convert mode 
(sense byte 1, bit 3 on). 

(c) A suppress data transfer option is active for 
failing read command. 

If ROR is not possible, provide error documentation and 
post completion with an error condition. If ROR is 
possible, proceed to step 9 (cape is correctly positioned 
for first ROR attempt). See "Terminal Action la" and 
"Supplementary Information." 

(7) Determine If the block should be classified as a 
noise block. See Action V, step 1. 

(8) Set the correct mode (if seven-track), and 
reposition tape. 

(9) Set the correct mode (if seven-track) , and send the 
track-in-error information (sense byte 2) to the tape 
control unit with a Request TIE command. 

(10) Issue a Read command in the opposite direction, 
ignoring (suppressing) the data transfer. 

(11) Repeat steps 7 through 10 until the block is read 
successfully or at least 41 attempts have been made. If 
the block is read successfully, determine the number of 
attempts left and go to step 12. If, after 41 attempts, 
the Read in the opposite direction is still unsuccessful, 
go to step 19. 

Note: After every fourth try, perform a tape cleaner 

sequence. 

(12) If the actual block count is greater than the 
failing original Read count, go to step 19. 

If the actual block count is equal to or less chan the 
failing Read count, compute the correct data address and 
count for the Read in the opposite direction. Proceed to 
step 13. 

(13) Determine if the block should be classified as a 
noise block. See Action V, step 1. 
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(14) Set the correct node (if seven-track.), and 

reposition tape. 

(15) Set the correct node (if seven-track), and send 
the track-in-error infornation (sense byte 2) to the tape 
control unit with a Request TIE command (if nine-track). 

(16) Issue the Read in the opposite direction with the 
computed address, the count, and ignore the data transfer. 

(17) Repeat steps 13 through 16 until the block is read 
successfully or the remainder of the 41 attempts have been 
performed. If the block is read successfully, go to step 
18. If after attempting 41 tries, the Read in the 
opposite direction is still unsuccessful, go to step 19. 

Note: After every fourth try, perform a tape cleaner 

sequence. 

(18) Set the correct node (if seven-track). Space over 
the error block, post completion without error condition, 
and continue with normal processng. 

(19) Set the correct mode (if seven-track), and reissue 
the read or read backward command. 

If the error persists, provide an operator message, 
post completion with error condition, and exit to the 
operating system. See "Terminal Action la" and 
"Supplementary Information." 

A. 2.7 Action VI (Data Check On Write and Write Tape 
Mark). Reposition the tape, issue an Erase Gap (ERG), 
issue a Mode Set (if seven-track), and reissue the 

command. For a Write, repeat this procedure until 

successful or until 15 attempts have been made. If the 

error persists through 14 retries, go to Step 1. 

For a Write Tape Mark, repeat this procedure until 
successful or until 16 attempts have been made. If the 

error persists through 16 tries, go to Step 2. 

Step 1. Change the failing Write command to a 
Loop-Write-To-Read command to obtain data for error 
recording . 

The Loop-Wri te-to-Read command must not be chained 
from or to any of the commands in the original failing 
command chain. (Such a chain could cause tape movement 
and destruction of previously written tape records.) 

After the Loop-Write-To-Read has been completed, the 
error data will be stored in the tape control unit 
sense data. The failing Write command will be issued 
■ to complete the 16th attempt and, if an. error occurs, 
the resulting error data will be recorded. 

Step 2. Provide an operator message, pest 
completion with error condition, and exit to the 
operating system. See "Terminal Action la." 

Note: This action is designed for the maximum 

length of 32,763 bytes at 630 C?I. 
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A* 2.8 Action VII (Overrun). For a Read Forward, Read 
Backward, or Write command, reposition tape and reissue 
the command. If the error persists after six attempts, 
provide operator message, post completion with error 
condition, and exit to the operating system. See 
•'Terminal Action la" and "Supplementary Information." 

A. 2. 9 Action VIII (Data Check On Control). For a 

Write Tape Mark, execute Action VI. For an Erase Gap, 
reissue the command. 

If the error perists after four attempts, provide 
operator message, post completion, and exit to the 
operating system. See "Terminal Action la." 

A. 2.10 Action IX (Not Capable). Provide operator 
message, post completion with error condition, and exit to 
operating system. See "Terminal Action la." 

A. 2.11 Action X (Equipment Check). Equipment Check is 
valid only if associated with Device End. If tape 
position is indeterminate, provide error documentation and 
post completion with the error condition. See "Terminal 
Action la." 

A. 2.12 Action XI (Data Security Erase). Provide error 
documentation and post completion with error condition. 
See "Terminal Action la." 

A. 2. 13 Action HI (Load Point). Post completion with 
check condition. See "Terminal Action lb" and 
"Supplementary Information." 

A. 2.14 Action XIII (Command Reject, Data Converter 
Check). Provide error documentation and post completion 
with error condition. See "Terminal Action lb" and 

"Supplementary Information." 

A. 2.15 Action XIV (ID Burst Check on Write, Write Tape 
Mark, and Erase Gap). Use a Rewind command to reposition 
the tape and reissue the command. 

For a Write, repeat this procedure until successful or 
until 15 attempts have been made. If error persists 
through 15 tries, go to step 1. 

For a Write Tape Mark or Erase Gap, repeat this 
procedure until successful, or until 16 attempts have been 
made. If the error persists through 16 tries, go to step 
2 . 

Step 1. Change the failing Write command to a 

Loop-Write-To-Read command to obtain data for error 

recording. 

The Loop-Write-To-Read command must not be chained 

from or to any of the commands in the original failing 
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command chain. (Such a chain could cause tape movement 
and destruction of previously written tape records.) 

After the Loop-Write-To-Read has been completed, the 
error data will be recorded. The failing Write command 
will be issued to complete the 16 attempts and, if an 
error occurs, the resulting error data will be 
recorded . 

Step 2. Provide an error documentation and post 
completion with error condition. The error 
documentation should indicate that the probable cause 
of the permanent error is a bad spot on the tape media 
in the area where the ID Burst must be written. 
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A. 3 Supplementary Information. Bus Out, Overrun, Data 
Check on Read or Write: Additional programmed recovery 

might include alternate path retry. 

Load Point: Normally, load point is used as a data set 

delimiter and, thus, is provided for in the additional 
programmed recovery. If load point is an unexpected 
condition and causes abnormal termination, provide 
suitable comment regarding the source of the termination. 

Data Converter Check: This check occurs on binary 

tapes not generated by the data converter feature and is 
used to adjust the final bytes of the block. Normally, 
the additional programmed recovery provides for this 
condition. 
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the ninth paragraph, in the last line. 
"Channel Switch 1" should have read 
“Channel Switch (T) 
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National Bureau of Standards 

Federal Information Processing 
Standards 60-1, 61, 62, 63; Editorial 
Changes 

Under the provisions of Pub. L 89-306 
{70 StaL 1127; 40 U.S.C. 759(f)) and 
Executive Order 11717 (38 FR 12315, 
dated May 11, 1973). the Secretary of 
Commerce is authorized to establish 
uniform automatic data processing 
standards. On February 16, 1979. notice 
was given in the Federal Register (44 FR 
10095-10101) announcing that the 
Secretary of Commerce had approved 
three input/output (I/O) Federal 
info rmation Processing Standards 
(FTPS): (1) I/O Channel Interface, (2) 
Channel Level Power Control Interface, 
and (3) Operational Specifications for 
Magnetic Tape Subsystems, designated 
Federal Information Processing 
Standards Publication (FIPS PUB) 60 
(which has been redesignated as 60-1), 
HPS PUB 61, and FIPS PUB 62. 
respectively. On August 27, 1979, notice 
was given in the Federal Register (44 FR 
60076-50079) announcing that the 
Secretary had approved a fourth I/O 
channel level interface standard, . 
Operational Specifications for Rotating 
Mass Storage Subsystems, designated 
FTPS PUB 63. 

These standards were the subject of 
corrections and revisions announced in 
the Federal Register on August 27. 1979 
(44 FR 5007&-50080). August 31. 1979 (44 
FR 51294) and December 2. 1979 (44 FR 
69317). An interim revision of FIPS PUBS 
60-1 through 63 regarding verification 
procedures and guidance concerning 
technical interface implementation 
approaches was announced in the 
Federal Register on June 25, 1980 (45 FR 
42783-42784). 

Now it has been determined that FIPS 
PUBS 60-1. 61. 62. and 63 require several 
editorial changes. 

A. Tne following editorial changes are 
made to FIPS PUBS 60-1: 

Page 2 insert the following new 
paragraph after 4th paragraph: 
Regulations concerning the specific use 
of this standard in Federal procurement 
will be issued by the General Services 
Administration to be e part of the 
Federal Property Management 
Regulations. 

Page IB. 6th full paragraph: Delete M or 
‘address in* ” after “ ‘select in* ” and 
change “ ‘operation in*,** after “and** to 
” ‘operational in’ 

Page 21. last paragraph, third line: 
Change “48’’ before the word signal to 
*72.” 

Page 26. first paragraph designated as 
paragraph Z 6th line: Change. “with" to 
“within” after the word “address.” 


Page 30. paragraph 2.5JJ: Delete last 
sentence. Substitute in its place: “Any 
status (except zero status presented in 
response to a command other than test 
I/O) presented by a control unit in any 
interface sequence (except the control* 
unit-busy sequence) may be stacked.” 

- Page 40, second paragraph of 
' paragraph 2.8 .3.2: Delete the second line 
in the paragraph, and substitute in its 
place: “control unit power is off and 
electrical bypassing is effective. For 
control units, the internal resistence.” 

Page 46. following the Erst paragraph 
of paragraph 3.3.1: Insert The receiver 
should not be damaged by” 

Page 50. bottom row of pin assignment 
diagram: Reverse the two diagrams so 
that “Control Unit in Connector 3 fB* 
Style}” appears in the right-hand column 
with **B“ group, ariti “Channel/Control 
Unit out Connector 3 (‘A’ Style)" 
appears in the left-hand column with the 
“A” group. 

B. The following editorial changes are 
made to FIPS PUB 61: 

Page ll.Tigure 3: In left-hand column 
of figure 3: Change “System Power-On 
Contracts" to "System Power-On 
Contacts.” 

Page 17, Figure 8: Change “.345” to 
”•395” in the Typical Single Circuit 
Receptacle Housing group. 

C. The following editorial changes are 
made to FIPS PUB 62: 

Page 10. Figure Z The top portion of 
the right-hand box at the top of the 
figure should read: “ Chann el Switch 1“ 

Page 11. paragraph 1.5.4: Delete “as 
specified by document ANSI X3B1/556- 
1972. entitled Magnetic Tape for 
Information Interchange” 

- Page 21, paragraph 3 A, Bit 4 entry 
Delete second sentence under 
Interpretation column and substitute the 
following new sentence in its place: 
“Channel End is set in ending status for 
burst commands (e.g„ Read. Write, and 
Sense) and in initial status for motion 
contraband non-motion control 
commands (e.g.. Rewind. Backspace 
Block, and Mode Set).” 

D. The following editorial change is 
made to FIPS PUB 63: 

Page 43, paragraph Z22, line 4: 
-Change **0, 2 and 3” Jo T, 2 and 3.” line 
6: Change T, 4, 5 and 6.” to “0, 4. 5 and 
6 „” 

Questions regarding these editorial 
changes should be addressed to Steve 
A. Recicar. System Components 
Division. Center for Computer Systems 
Engineering. Institute for Computer 
Sciences Bnd Technology. National 
Bureau of Standards. Washington, D.C. 
20234. (301) 921-3723. 


Dated: November 20. 1980. 
Ernest Ambler, 

Director. 
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